The importance of maintaining a healthy intestinal microbiota in the health of the host has been increasingly clarified. This microbiota may appear unbalanced in diseases such as colitis, diarrhea, irritable bowel syndrome and constipation. To rebalance the microbiota and improve the symptoms of constipation, it is recommended to intake prebiotics, probiotics and symbiotics, which works in the modulation of a healthy intestinal microbiota and favors the production of shortchain fatty acids that have a positive effect on intestinal transit. In addition, some studies indicate that there is a relation between the brain and the intestine that influences the behavior of individuals with intestinal dysbiosis. Thus, the reestablishment of the eubiosis in constipated patients through the functional compounds (prebiotics, probiotics and symbiotics) has been showing promising results regarding the modulation of constipation and improvement of the clinical picture. This review will emphasize the relation of prebiotics, probiotics and symbiotics in the modulation of intestinal constipation. New food sources of these compounds should be evaluated for their efficacy, dose and effect to establish a proper management.
Introduction
Intestinal constipation is a chronic disease that affects about 16% of the world population, with higher prevalence in females and after the age of 65. One of the major problems of constipation is that the available therapies, such as high fibre diet, use of medicines, and higher water intake, are not satisfactory in at least one third of the patients [1] .
The constipation is characterized by the following symptoms: less than 3 evacuations per week, the feeling of incomplete emptying, the straining to evacuate, and the presence of hardened and fragmented feces [2] .
One of the consequences of constipation is intestinal dysbiosis, which is characterized by an increase of undesirable bacteria in the intestine and a decline of beneficial bacteria. The imbalance can affect the motility of the large intestine by modifying the metabolic environment of the colon due to the increase of the pH generated by undesirable bacteria, which causes a consequent reduction in the production of physiologically active beneficial compounds [3] due to the synthesizing of toxic substances, such as phenols, ammonia and pro-carcinogenic substances [4] . The products of balanced colonic fermentation, such as short-chain fatty acids (SCFA), modulate the motility by exerting a trophic effect on the epithelial cells, increasing the blood flow in the region [5] .
To reestablish a healthy microbiota, the intake of probiotics and/or soluble fibre with prebiotic effects is recommended, such as inulin and fructooligosaccharides (FOS) that stimulate the growth of bacteria from the ileum and especially in the colon, where lactobacilli and bifidobacteria are respectively preferred. As a product of the beneficial fermentation, SCFA are produced, mainly the butyrate, which has proven its effect on the desired modulation of intestinal motility [4] [6] .
In this review, the variables related to the control of constipation will be emphasized, which are: the importance of a balanced microbiota, the relation between constipation and the "gut-brain axis", and the functional compounds that modulate the microbiota, reducing the risk of constipation.
The authors carried out a search on the main scientific databases (Science Direct, PubMed, Google Scholar) with the following descriptors: "intestinal constipation", "microbiota", "gut-brain-axis", "prebiotics", "probiotics", "symbiotics". The research expressions were constructed by combining these terms or using each one in isolation.
Intestinal Microbiota and Constipation
Intestine colonization begins immediately after birth. The intestinal microbiota composition of children is relatively simple, with a limited number of microbial groups, such as Bacteroides and Bifidobacterium [7] , but it becomes more complex as age increases [8] . Changes in the microbiota can be observed as a result of variations on the diet [9] , pathological conditions (intestinal constipation, colitis) [10] , antibiotics treatment and immunosuppression [11] .
Skin surfaces and mucosa of the human body are colonized by micro-organisms from the environment, therefore constituting highly complex ecosystems. Particularly, the gastrointestinal tract (GT) holds the highest number of these micro-organisms [12] . Microbiota distribution varies according to the GT sections, presenting low concentrations of bacteria in the stomach and duodenum (up to 10 3 CFU/ml), with higher concentration in the jejunum and ileum (10 4 -10 8 CFU/ml), reaching the highest concentrations in the colon (up to 10 14 CFU/ml), which surpasses the total number of eukaryotic cells in the human body [13] . The intestinal microbiota includes nearly 1000 species of bacteria with more than 7000 strains [14] [15] . The most common genus is anaerobic bacteria including Bifidobacterium, Lactobacilli, Clostridium, Bacteroides and Eubacterium. Facultative aerobic strains, such as Escherichia, Enterococcus, Streptococcus, and Klebsiella [15] , are also found.
It is well documented that the microbiota is essential for intestinal development, promoting homeostasis and protecting the host against pathogenic micro-organisms [16] . In particular, the microbiota is involved in the functional dietary fiber fermentation (lactulose, resistant starch, oligosaccharides) [17] . When non-digestible carbohydrates are fermented by the microbiota, they form acids that can be absorbed by the mucosa. This process is called energetic saving, and it forms the SCFA, which are the main energy source of the colonocytes, acting on the trophic effect of the intestinal epithelium [7] . Anaerobic metabolism of peptides and proteins by the microbiota also produce SCFA, but, at the same time, generate a number of potentially toxic substances, including ammonia, amines, phenols, thiols, and indols [18] . Therefore, SCFA production through non-digestible carbohydrates fermentation is more interesting due to the fact it does not form toxic products that can cause damage to the intestinal epithelium.
SCFA perform other important functions in the host physiology. As mentioned above, the butyrate is almost completely consumed by the epithelium of the colon, and is an important energy source for colonocytes [19] . Aside from butyrate, acetate and propionate are found among the blood stream. Among its benefits is the fact that they are metabolized by the liver (propionate) or in the peripheral tissues, particularly on the muscle tissue (acetate) [20] . These acids can act as modulators of glucose metabolism, improving insulin sensitivity [21] . Studies [20] [22] show that the ideal proportion of acetate, propionate and butyrate in the colon is 2:1:1, respectively.
In situations of dysbiosis, there is a decrease on the proportion of SCFA and a consequent increase on the production of branched-chain fatty acids, ammonia and phenols that indicate a change in the microbiota activity, passing from a condition of saccharolytic fermentation to a putrefactive microbial metabolism [23] . This metabolic change is common in cases of constipation [24] .
"Gut-Brain Axis" and Constipation
Two-way signaling between the brain and the intestine is vital to homeostasis control and is regulated by the central nervous system. An imbalance in this axis results in changes in the stress response and, generally, in behavior [25] . Some psychiatric comorbidities, including stress, are related to gastrointestinal disorders, such as irritable bowel syndrome and inflammatory bowel disorder [26] . The right mechanisms that regulate this axis are not fully elucidated, and most studies focus on the change of signaling from the brain to the intestine [27] . However, recent studies have been investigating the impact of intestinal microbiota on the brain and behavior [28] .
It is well documented that the microbiota can directly influence on intestinal homeostasis by regulating its motility [29] . For example, bacteria of the genera Bifidobacterium and Lactobacilli are able to promote motility by fermenting non-digestible carbohydrates and producing SCFA, whereas Escherichia species can inhibit motility [30] by not producing these compounds. Therefore, the disturbance of the microbiota balance may predispose the host to change the motility, resulting in diarrhea, common in irritable bowel syndrome, or constipation [25] .
Patients with chronic intestinal constipation may present imbalance in the microbiota, characterized by a relative decrease of beneficial bacteria and an increase of potentially pathogenic bacteria and fungi [31] . These modifications may alter the concentrations of physiologically active substances, such as SCFA, which can influence on the motor function of the intestine [31] .
Studies have shown an imbalance on the microbiota of constipated individuals and have found significant increase in the calculation of E. coli, S. aureus and enterobacteria in patients with chronic constipation [31] . The authors of this study report that the longer the disease installation is, the higher are the scores of undesirable micro-organisms, and the smaller are the scores of the desirable ones. In a study with children diagnosed with chronic constipation [32] a typical frame of intestinal dysbiosis was found on the feces, with a significant increase in the counting of the bacteria of genera Clostridium, Bacteroides and E. coli.
A French study [33] has found a significant decrease in the count of bifidobacteria and lactobacillus in feces of constipated individuals; such decrease is up to ten times lower for the Bifidobacterium genus.
In recent years, scholars have noticed an association between emotional components and intestinal constipation, such as the presence of stress, anorexia, depression, anxiety and hypochondria [34] [35] . Investigating the relation between these emotional symptoms and the microbia imbalance in constipated patients can be subject to oncoming studies.
In order to better illustrate this relation according to the results of different research studies, a figure was adapted to represent the "gut-brain axis" in constipation (Figure 1) . Figure 1 shows the main factors related to the intestinal motility. As already mentioned, the motility is decreased when there is an imbalance in the intestinal bacteria due to the inadequate production of substances that modulate the intestinal transit, such as butyrate. The question that may rise by the analysis of the figure is if the intestinal dysbiosis present in constipation is related to the emergence of psychosomatic problems reported by patients with constipation, which can even influence the quality of life [38] .
The Use of Prebiotics, Probiotics and Symbiotic in Constipation
Prebiotics are defined as non-digestible food ingredients that benefit the host by selectively stimulating the growth and/or activity of a limited number of bacterial species in the colon, improving the health of the host [39] . In order to be considered prebiotic, it is necessary to scientifically demonstrate that the component, food or ingredient resist the digestion, absorption and adsorption processes of the host, be fermented by the microbiota that colonizes the gastrointestinal tract and selectively stimulate the growth and/or activity of beneficial bacteria [40] . Usually a beneficial change means the decrease of microbial groups considered undesirable (Clostridium, Bacteroides) and increase of desirable ones (Bifidobacterium, Lactobacillus). [36] and Hijova and Chmelarova [37] .
Probiotics are defined as living organisms that, when ingested in adequate quantities, have a beneficial effect to the health of the host [24] . Symbiotics are characterized by the combination of a prebiotic and a probiotic aiming to increase the survival and activity of probiotic strains evidenced in "in vivo" researches and still stimulate the growth of endogenous bacteria, in particular the bifidobacteria and the lactobacilli [24] . The ingestion of symbiotic modifies the microbiota composition, restoring the balance, which may have positive effects on gastrointestinal functions [41] .
The consequences of the state of imbalance of the intestinal microbiota and the loss of its homeostasis show the importance of maintaining its normality and balance [42] . One of the therapeutic approaches to improve and maintain balance of the healthy microbiota involves the manipulation of the energy sources for these bacteria, i.e., the administration of prebiotics that stimulate the probiotic bacteria already present in the colon (endogenous). Another strategy would be the administration of symbiotic that, aside from the prebiotic, provides a beneficial bacteria, generally of the Bifidobacterium genus, adapted to the ecological niche that, even temporarily, changes the pH to inadequate levels for the proliferation of putrefactive microorganisms.
Virtually, any carbohydrate that reaches the large intestine will provide substrate to the commensal microbiota, affecting its growth and metabolic activity. This effect has been demonstrated mainly by the soluble fibers, resistant starches, oligosaccharides and disaccharides such as lactulose [17] . The selective properties of the prebiotics are mainly related to the growth of bifidobacteria and lactobacilli in detriment of other bacterial groups, such as bacteroids and clostridia [43] .
Most prebiotic, probiotic and symbiotic benefits for the intestinal health come from studies with animals or clinical research studies with a limited number of individuals [24] .
In assessing the effect of 20 g lactulose/day for 30 days in the intestinal microbiota of individuals with chronic constipation, the authors found a higher bifidobacteria count, higher concentrations of butyrate and acetate and higher fecal mass in the group that received the lactulose with regard to the placebo [10] .
In a study conducted in Germany [44] , constipated elderly received 20 g of inulin per day for 19 days. There was an increased count of bifidobacteria and a decreased count of enterobacteria and enterecocos, besides the increase in the number of evacuations during the week. The authors did not find differences in the fecal pH and in the concentration of short-chain fatty acids between the study group and the placebo. Clinical benefits have been observed in elderly that were institutionalized with diagnosis of constipation when 10 g FOS/day were administered for 4 weeks [45] . The authors found a significant increase in the counting of bifidobacteria in fecal samples in the FOS group in relation to the control. The authors also evaluated the bifidogenic effect after FOS retrieval and found the maintenance of this effect for up to 4 weeks. This finding is of utmost importance, since the majority of the researches indicate that the FOS bifidogenic effect is maintained only during its regular consumption, ceasing after the removal of the prebiotic. It is important to know the acting period of these different prebiotics to contribute to the management of the indication and of their use. A research conducted in Brazil [4] evaluated a mixture of inulin and guar gum partially hydrolyzed in 60 constipated women who consumed 15 g of this mixture during 3 weeks. The authors found improvements in the frequency of evacuations and also a significant decrease in the fecal counting of bacteria of the Clostridium genus when compared to the placebo. No significant difference was found in the concentration of SCFA.
A randomized, double blind research [46] evaluated the effect of a fermented product with the addition of probiotic (Bifidobacteriumlactis) in 34 patients with diagnosis of irritated bowel syndrome with constipation. The authors observed the acceleration of the intestinal transit time in the group that received the probiotic when compared to the placebo. Also, in a study with 70 individuals with diagnosis of chronic constipation, a drink source of probiotic (Lactobacillus casei Shirota) was effective in increasing the number of evacuations on those who received the drink with the addition of the microorganism [47] .
In a Finnish study [48] with constipated elderly, two strains of the Lactobacillus rhamnosus and Propionibacterium freudenreichii species were added to orange juice samples that were provided to volunteers for 3 weeks. A positive effect in the frequency of evacuations, which were 3 times higher than in the control group, was observed. In relation to the effect of the symbiotic in constipation, Amenta et al. [49] evaluated the effect of a symbiotic supplement composed by FOS and Bifidobacterium longum in 297 patients for 60 days, observing an increase in the number of evacuations. Another study conducted in Brazil [50] found positive effect in the consumption of a product containing FOS (6 g) and bacteria from the Lactobacillus paracasei, Lactobacillus rhamnosus, Lactobacillus acidophiluse, Bifidobacterium lactis strains in 49 women with diagnosis of constipation. There was an increase in the number of evacuations without side effects (flatulence, abdominal distension and pain) in patients that consumed the product.
Evaluating the described studies, it is possible to notice that the prebiotics, the probiotics and the symbiotics are effective in improving the intestinal transit of constipated individuals. However, the sources of prebiotic in use are purified compounds, such as the FOS, the inulin and the lactose, and not a source food of these ingredients, beneficial to intestinal health.
Since it is a source of FOS and inulin, the yacon roots and their sub-products can potentially be used as a source of prebiotics in the diet. The in natura yacon stands out due to its high water content, which can exceed more than 90% of its fresh weight [51] . This characteristic makes the root highly perishable. Thus, it is of upmost importance the development of products that can decrease this perishability and also make the product available throughout the whole year, since the root is seasonal.
In this context, the identification of novel foods and functional ingredients that are source of prebiotics is important to evaluate their potential effect in the prevention of specific deceases. One of these foods is the yacon (Smallanthus sonchifolius), a source particularly abundant of FOS and inulin [52] .
The consumption of moderate quantities of products made of roots of yacon is related to the reduction of the plasmatic levels of blood glucose [53] [54], reduction of the triacylglycerols levels [55] , increase in the absorption of calcium and magnesium [56] [57] and improvement of the intestinal constipation [53] [58].
Final Considerations
It has been recognized that maintaining a healthy intestinal microbe has a positive influence in health. Thus, eating sources of prebiotics, probiotics and symbiotics can be considered as an important tool in the maintenance of the microbiota in a way that the harmful bacterial strains should be deleted, and the beneficial, stimulated. Such modulation of the microbial population can be made through the consumption of foods containing prebiotics, probiotics and/or symbiotic compounds. Some preliminary results of investigations of the effects of these functional compounds in health have been promising; however, some claims must be verified through tests in humans, particularly in regard to the dose to be consumed, the frequency of consumption and the maintenance of the post-consumption effects.
